In a laboratory X-ray powder diffraction study, the evaluation of the patterns of three Bragg±Brentano powder diffractometers with different monochromator geometries has been undertaken. For the measurements on each diffractometer, the standard reference material SRM 640 (silicon) and the corundum samples SRM 674a and SRM 1976 have been used. In each case, the peak pro®les were ®tted with a split Pearson VII function and the FWHM (full width at half-maximum) parameters and exponent m were determined for the left (lower 2) and the right (higher 2) sides of the Bragg peaks. It was found that there is a strong dependence of both the FWHM and the exponent m on the diffraction angle for the two con®gurations that included monochromators, whereas nearly constant values of m were found for the geometrically simplest diffractometer working without a monochromator. Finally, the two components of the Cu K doublet show systematically different peak pro®les. There is a clear difference not only concerning the FWHM, which becomes more obvious at higher 2 values, but also in the course of m with respect to the diffraction angle for the left and the right tails of the powder re¯ections. This is the main reason for the dif®culties in K 2 stripping and also in single-line-pro®le analysis when using the K doublet. Therefore, it is not surprising that this phenomenon, which can be explained by Heisenberg's uncertainty principle, does affect the reliability (represented by standard R values) of structure re®nement by the Rietveld method.
Introduction
In the past, many attempts have been made to provide a standardized basis for many problems of X-ray powder diffraction, such as d-spacing, quantitative phase analysis and line-pro®le description. Mainly, attention has been paid to both research on standard reference materials (SRMs) and the establishment of correct evaluation procedures in combination with suitable measurement strategies. Dragoo (1986) has presented an overview of SRMs for X-ray powder diffraction, in which the silicon powder 640 and the corundum powder 674 (one of a set of ®ve substances) used in the present study are described. Wong-Ng & Hubbard (1987) enhanced the characterization by making detailed suggestions for the handling of these two SRMs in external and internal calibration procedures.
Another aim of current research is to establish a socalled peak-pro®le calibration standard for use in obtaining information about the instrumental resolution and the instrumental contribution to the shape of the diffraction peaks. In our study, we found that SRM 640 is a good approximation to such a standard, but only with respect to the resolution function, e.g. FWHM (full width at half-maximum) versus 2. In other publications (Fawcett, 1988) , LaB 6 is favoured for that purpose, mainly because of its high mass absorption coef®cient, preventing sample transparency. However, recent studies have shown that there is still a residual sampledependent pro®le broadening from LaB 6 specimens (Langford et al., 1998) . KCl seems to be another good candidate, but diffraction patterns of this material are highly affected by broadening due to the penetration depth of the X-ray beam. Moreover, Rietveld re®ne-ment procedures require a perfect description not only of the resolution, but also of the line tailing. For certain purposes, such as the examination of size and strain broadening effects, it is necessary to have detailed knowledge about the sample-dependent Gaussian and Lorentzian parts of a powder diffraction peak. In this case, there is a strong need for information about instrumental contributions to the shape of the line tails (left and right side) and of the asymmetry. Although there are many asymmetry correction algorithms, it is much better to have direct information about thè instrumental pro®le' for a speci®c geometrical arrangement. But up to now there has been no such calibration standard in sight, ful®lling all the diverse demands. For this reason, it seemed much more helpful to compare the performance of powder diffractometers with different con®gurations. Only by detailed knowledge of the intrinsic features of such a powder diffractometer, is one able to satisfy the request for accurate data as well as for suitable data collection and evaluation strategies. In this context, it is our aim to explain the more or less well known dif®culties in the quantitative evaluation of powder diffraction line pro®les, especially focusing on data sets taken with the Cu K doublet.
Instrumental
The measurements were carried out with three Bragg± Brentano powder diffractometers, using Cu K radiation: Siemens D500, Philips PW1820 and Philips PW1050. In the following they are referred to as D500, PW1 and PW2, respectively.
The D500 is equipped with a curved quartz-(101) primary monochromator and a scintillation counter, which can be replaced by a position-sensitive detector (PSD). Contrary to the other two instruments, using D500 it is possible to separate either the K 1 or the K 2 component from the Cu K doublet by varying the monochromator angle.
The Philips devices (PW1 and PW2) are mounted on opposite sides of the same X-ray tube. This geometrical arrangement results, for standard applications, in a limitation of the maximum diffraction angle to 2 max = 130 for PW1 and 2 max = 90 for PW2, to avoid collision of the scintillation (PW1) and the proportional (PW2) detectors. Both the diffractometers work with a Ni®ltered Cu K primary X-ray beam. In the case of PW1, a graphite-(002) secondary monochromator is added in order to reduce the background and to suppress¯uor-escence.
Experiments

Samples
As mentioned above, the NIST (former NBS) powder standards SRM 640 (silicon) and 674a (corundum) were used as well as the SRM 1976 corundum plate, which is an external intensity-standard plate made out of pressed powder. In the present study, the latter served as an unchangeable specimen for the comparative investigations. Preference for the plate compared to the 674a powder was established by an accurate determination of the properties of the plate with respect to line shapes: the peaks were not distorted and were somewhat narrower, leading to enhanced resolution. The use of the silicon powder led to unreliable integrated intensities and line pro®les, presumably due to large extinction effects of the perfectly grown crystallites. After each preparation procedure and even after rotating the sample holder by 180 around its normal vector, the diffraction pattern sometimes changed in a non-reproducible manner. This was de®nitely not the case with the corundum powder, which always exhibited the same integrated intensities and peak pro®les, but to avoid sample preparation in¯uences, the corundum plate SRM 1976 was chosen for the comparative investigations.
Sample preparation
The SRM 1976 corundum plate was simply mounted on the sample holder of each of the three diffractometers. Care was always taken to expose the same side to the incident X-ray beam, although no in¯uences on the diffraction pattern were found after rotation around each axis.
The SRM 674a corundum powder was mounted in an aluminium cavity of volume 47 Â 49 Â 0.5 mm to ensure correct intensity measurements with respect to the beam over¯ow error (Bowden & Ryan, 1991) and sample transparency (Bish & Reynolds, 1989) . To avoid a beam over¯ow at diffraction angles above 2 = 20 , we ®rst took photographs of the X-ray beam at different diffraction angles to design a cavity of 49 mm in length which is the best ®t to the Bragg±Brentano geometry. Moreover, because of the moderate absorption coef®-cient "(Al 2 O 3 ) = 126 cm
À1
, the penetration depth of the X-ray beam in a dense corundum sample is about 0.28 mm for a maximum diffraction angle of 2 = 160 and Cu K radiation (! = 1.540593 A Ê ), which means that transparency effects can be completely avoided with the designed cavity. The sample was pressed into the mould of the holder with a glass slide to enhance the density of the specimen. Because all the diffraction patterns of Al 2 O 3 prepared in this way did not show pronounced intensity deviations from data simulated with the program PowderCell (Version 1.8; Kraus & Nolze, 1996) , it can be stated that our sample preparation gave satisfying results without signi®cant texture effects.
Data collection and evaluation
All data were recorded in a ±2 step scan mode with a step width of 0.01 in 2 and a step time of 10 s at room temperature. Because of geometrical limitations, the diffraction angles were limited to 160 for the D500, 130
for the PW1 (except in some cases) and 90 for the PW2 diffractometer. The operating conditions of the X-ray tubes were 40 kV and 40 mA, giving a power of 1.6 kW.
To evaluate the powder patterns, the program package DIFFRAC-AT (Version 3.2; Siemens & Socabim, 1993) was used. It provides an evaluation routine including smoothing, peak search, single-peak analysis and K 2 stripping, as well as a ®tting option, featuring several pro®le functions. The ®tting procedure was used extensively to gain most of the results presented in the following section. Our results con®rm what other authors (e.g. Louer & Langford, 1988; Toraya, 1986 ) have stated about the use of the Pearson VII function (Brown & Edmonds, 1980) in X-ray diffraction pro®le analysis. In its split version, e.g. the subdivision of a single peak into its left (or lower 2 angle) and right (or higher 2 angle) side, this function models line pro®les most satisfactorily, providing an interpretation of Gaussian and Lorentzian character of a single peak (Hall et al., 1977) . For this reason, the split Pearson VII function, referred to as SP7 in the following, was applied to the unsmoothed diffraction data in the present study.
Results
Peak-pro®le analysis
The ®rst attempts at K 2 stripping (e.g. Rachinger, 1948; Keating, 1959) were made by assuming that the two components of the doublet have identical shapes for the same d value, concerning both breadth and tailing. With the introduction of Fourier synthesis to stripping algorithms (Platbrood, 1983; Gangulee, 1970) , it became possible to separate the two components, even with different FWHM values; nevertheless, the results of stripping remained unsatisfactory, which is still apparent when using modern programs providing a K 2 elimination algorithm [e.g. DIFFRAC-AT (Siemens & Socabim, 1993) , GUFI (Dinnebier, 1994) , APD (Philips Export, 1992) ]. Fig. 1 shows the result of stripping of a corundum re¯ection at a diffraction angle in the range 2 = 94.85± 96 (PW1). Looking at the`stripped' curve, it becomes clear that the K 2 elimination does not work accurately. The reason is that the stripping algorithm used [implemented in DIFFRAC-AT (Siemens & Socabim, 1993) ] is based on the Rachinger algorithm. Figs. 2 and 3 de®-nitely show that the assumption of equal peak shapes for the K 1 and K 2 components at the same d value is not correct. These ®gures show the ®tting results of diffraction peaks which were obtained by separate measurements with the two radiation components. For this purpose, the primary-beam monochromator of D500 was adjusted to the K 1 and the K 2 components, separately. Because it took great effort to adjust the monochromator, only three consecutive measurements were performed, the ®rst with the K 1 beam, followed by a K 2 measurement and then another K 1 experiment.
There is a noticeable difference between the K 1 and the K 2 patterns in both the resolution and the character of the tailing, revealed by the FWHM (Fig. 2) and by the right exponent m r gained from a split ®tting with the SP7 function (Fig. 3 ). Since we obtained quite similar behaviour for the left exponent m l , it is not necessary to present another diagram here. Care must be taken with the physical meaning of exponents with values greater than 10, because this value already represents an absolutely Gaussian pro®le. The points above the upper dash±dotted line in Fig. 3 can be set to 10 without loss of physical information, but in the ®gure the original program output is given to ensure that the data sets are comparative and reliable.
From this result it becomes clear that a correct stripping is impossible without detailed knowledge of the different behaviours of the K 1 and the K 2 peak shapes as a function of the diffraction angle. From this there is a noticeable difference in the half width between the two components. point of view, contrary to the situation in the past when monochromators did not work accurately and algorithms were needed (Ladell et al., 1975) to obtain monochromatic patterns, nowadays a curved primary monochromator should be preferred. Recent spectroscopic studies (Ha È rtwig et al., 1993 (Ha È rtwig et al., , 1994 have shown different pro®les (FWHM and asymmetry) for the characteristic Cu K emission lines, which might be explained by quantum mechanics in the following way. The well known intensity difference of the K 1 and K 2 components arises from unequal transition probabilities from the excited states 2S 1/2 (K 1 ) and 2P 1/2 (K 2 ) to the ground state 1S 1/2 . This means that there are different lifetimes, Át, for the excited states which are directly correlated to unequal wavelength distributions and hence different line widths, using Heisenberg's uncertainty principle and de Broglie's equation. However, the observed asymmetry cannot be explained in this way. Nevertheless, it is very surprising that this effect can be seen in a routine powder diffraction diagram to such an extent.
Comparative analysis
Louer & Langford (1988) have presented an analysis of powder diffractograms with respect to the behaviour of the ®tting parameters of the SP7 function with the diffraction angle. The experiments were performed with Cu K 1 radiation and showed that there is a relatively simple dependence of the FWHM and the exponent m on 2. Although Louer & Langford (1988) stated that the use of the K 2 component does not seriously affect a Rietveld re®nement, they did not present pro®le parameters obtained from a measurement with the K doublet. Mainly because of ongoing interest in structure re®nement by the Rietveld method (Rietveld, 1969) , a smooth description of the pro®le shapes with respect to the diffraction angle is indispensable. Since it is desirable to have mathematical expressions that are as simple as possible for the dependence of the pro®le parameters on 2, knowledge of the features of different geometries is of great importance.
Figs. 4±6 show a comparative analysis of the three geometrically different diffractometers D500, PW1 and PW2. Despite the fact that there are clearly visible differences for the two wavelengths (see preceding section), the pro®le ®ts to the diffraction data, leading to the results presented in Figs. 4±6, have been made with equal pro®les for K 1 and K 2 , except for the D500 machine. Fig. 4 shows the resolutions (FWHM) of the three different geometries: PW2, without a monochromator, exhibits the best resolution at low angles; for PW1, the FWHM is not markedly different from that of PW2 over the whole 2 range. At angles above 80 there are no differences between the three diffractometers. At this point it should be stressed once more that the angular range of PW2 is limited to 90 ; moreover, 2 max of PW1 was increased to 140 especially for these measurements. The D500 machine shows a relatively high FWHM at angles below 80
. This behaviour arises from the larger divergence in the scattering plane, compared to the other instruments, which results in a broader beam spot on the powder sample. It is clear that due to the different geometries of the three diffractometers, the slit con®gurations are not the same, but they were chosen from a practical point of view. For D500, this means that a relatively high divergence is necessary in view of the intensity loss due to the use of a curved incident-beam monochromator.
In Figs. 5 and 6, the exponents of the ®tted SP7 function for the left (lower 2, m l ) and the right (higher 2, m r ) side of the re¯ections are shown. For D500, the behaviour of both the left and the right exponent is comparable to the results of Louer & Langford (1988) , who used the same instrument with a different monochromator crystal. Again the original program output of the pro®le parameters is shown in the two ®gures with the same restrictions to the values of the exponent m as mentioned above. It was impossible to allocate an analytical expression to the widespread D500 data set. The conclusion is that the D500 peaks show a Gaussian behaviour at lower angles, whereas they become more and more Lorentzian at higher 2 values. This is what one could expect from theory (Klug & Alexander, 1974) for the Bragg±Brentano method.
The diffractometers PW1 and PW2 show little variation of the opposite exponents m l and m r with 2, exhibiting a mixed character of Gaussian and Lorentzian contributions over the whole range of diffraction angles. Slight differences become clear from Figs. 7 and 8. There is a noticeable distinction between m l and m r for the PW1 re¯ections (Fig. 7) . Whereas the left exponent is constant at about 1.5, the right exponent shows a decrease from m r = 4 (2 = 25
) to m r = 1.5 (2 = 140 ). In Fig. 8 , the PW2 re¯ections show a similar behaviour for the left and right tails around a mean value of about 2.0, leading to a very simple description of the peak shape as a function of the diffraction angle.
Single-line ®tting
To underline the in¯uence of distinct re¯ection pro®les due to Cu K 1 and Cu K 2 radiation for the evaluation of powder patterns, Fig. 9 shows the (300) re¯ection of -Al 2 O 3 (corundum), recorded using PW1 and ®tted under various conditions. Sometimes the K 2 stripping is assumed to fail due to the improper usage of the intensity ratio I( 1 )/I( 2 ), which depends on the monochromator angle. Figs. 9(a)±9(c) show the in¯u-ence of this factor on the reliability of the ®t. The ®t is best for an intensity ratio of 0.491, which is consistent with the mean ratio found by evaluating high-angle data of -Al 2 O 3 . It is obvious that in Fig. 9 (a) the ratio is much too high, while in Fig. 9(b) the ®t is acceptable with respect to the integral intensities of the two re¯ections. Considering Fig. 9(d) , it becomes clear that a perfect ®t can only be performed by separate line shapes for the two peaks. The right tail of the K 2 peak is now perfectly modelled, whereas there are noticeable discrepancies in Figs. 9(a)±9(c). The difference curve in the upper part of Fig. 9 (d) no longer shows any systematic deviation, and the reliability coef®cient is lowered by more than 1%.
Rietveld analysis
In this section, two comparisons of the outputs from Rietveld re®nements are presented. The ®rst one (Tables 1 and 2 ) deals with the evaluation of data sets recorded with the three diffractometer geometries. In the second comparison (Tables 3 and 4) , the in¯uence of separate re®nement of the K-doublet components on the results and the reliability of the structure re®ne-ments are revealed. All procedures were performed on data of -Al 2 O 3 powder samples with the program FULLPROF (Version 3.1c; Rodriguez-Carvajal, 1996) . In the recent past, some doubts have arisen regarding the validity of standard residuals in Rietveld analysis: the so-called R values and related numbers (Hill & Fischer, 1990) . In a series of papers, Hill & Madsen (1984 , 1987 examined and presented the in¯uence of step width and time per step on the R values, the goodness-of-®t and on the precision, e.g. standard uncertainties (s.u.'s), of structural parameters, as well as on their accuracy. It is not necessary to repeat their results in the frame of this work, but it should be pointed out that actually no decision was made about the absolute validity of residuals. One way out of this misery was presented by Hill & Madsen (1987) themselves, concerning a set of measurements and structure re®ne-ments to ®nd the best combination of measurement parameters for each sample. On the other hand, Ihringer (1994) has proposed a new weighting scheme for powder diffraction least-squares analysis based on the mechanical restriction of the goniometer angular position. Both procedures are somewhat time consuming. Furthermore, for routine analysis there are other possibilities for gaining reliable information about the goodness of a structure re®nement. It is not the aim of this work to ®nd a solution to this considerable problem, but the ®rst step in each re®nement procedure must be to become aware of the lack of satisfying peak-pro®le description in a powder pattern over the whole diffraction-angle range.
As mentioned above, the program FULLPROF (Rodriguez-Carvajal, 1996) was used in this study, featuring an option called pattern matching (Toraya, 1986) . Table 1 gives a comparison between residuals of the pattern-matching (PM) procedure and the consecutive structure re®nement (SR) for each of the three diffractometers studied here. The trick is to compare only the two sets of R values belonging to one measurement (D500, PW1 or PW2 in Table 1 ). At this point it must be stressed that the Bragg R value R B has no physical meaning for the PM data, since no structural elements are re®ned in this mode, but it indicates the goodness of the peak-pro®le descriptions over the whole 2 range. Since the PM procedure best models the data set with respect to intrinsic inadequacies of the Fig. 9 . This ®gure shows the intensity (arbitrary units, linear scale) and the difference plot ÁI (upper part of each diagram) over 2 for an SP7 ®t to the (300) re¯ection of corundum. (a) Fit with an intensity ratio of I(K 2 )/I(K 1 ) = 0.514, resulting in too high intensity of the 2 peak and an R wp value of 3.53%. (b) Fit with an intensity ratio of I(K 2 )/I(K 1 ) = 0.500, resulting in an R wp value of 3.24%. Again, the intensity ratio is a little too high and the right tail of the K 2 re¯ection is not adequately modelled. (c) Fit with an intensity ratio of I(K 2 )/I(K 1 ) = 0.491, resulting in an R wp value of 3.20%. The intensity ratio is well chosen but the model is still lacking with respect to the right tail of the K 2 peak. (d) Fit with two separate peaks for the components of the K doublet, resulting in an R wp value of only 2.03%. Intensity and tailing are perfectly modelled at each step in the diagram, as evidenced by the half-scaled difference curve in the upper part.
description of the peak-pro®les, the aim of a structure re®nement, apart from the determination of physically meaningful structure parameters, is to get as near to the matching R values as possible. That was the case in all the re®nements performed (Table 1) . Obviously, for a structure re®nement, only the Bragg R value shows a signi®cant increase from the value for PM, but visual checks of the measured and calculated patterns showed no serious differences in the peak regions. The serial correlations, represented by the Durbin±Watson (DW) statistic (Hill & Flack, 1987) , are very low for the D500 geometry, whereas for the two other diffractometers the differences between re®ned and expected values arise from the K-doublet problem.
To compare the three speci®c diffractometer geometries it is helpful again to have a look at the three sets of structure re®nement R values in Table 1 . Although the structural arrangement of -Al 2 O 3 is a very simple one, exhibiting only two atoms in the asymmetric unit (space group R3 Å c), there are marked differences in the goodness-of-®t parameters (1 2 ) of the three re®nements. The SR value lies much closer to its corresponding PM value in the case of the D500 machine than in the cases of the other instruments. Moreover, the SR value for D500 (1 2 = 1.49) is about two times smaller than the SR value for PW1 (1 2 = 2.93) and more than three times smaller than that for PW2 (1 2 = 4.76). However, it has to be mentioned that the statistical quality increased in the sequence D500 3 PW1 3 PW2, indicated by the decrease of the R exp value. As stated above, the use of counting statistics is a matter of some concern with regard to its in¯uence on residuals. But, as stated elsewhere (Hill & Madsen, 1987) , the Durbin±Watson d statistic is a good measure of the reliability of the re®nement. Here, the relatively high serial correlations become clearly visible for the two K-doublet measurements (PW1 and PW2), whereas they are obviously smaller for the K 1 geometry (D500). Last but not least it is important to say that the differences between the reliabilities of the PW1 and PW2 diffractometers are also due to the fact that the PW2 measurement was limited to a maximum diffraction angle of 90 . To compare the results of the re®nement procedures, Table 2 shows the obtained parameters, including s.u.'s (in parentheses). The starting values were taken from Lewis & Schwarzenbach (1982) . The isotropic displacement factors had to be calculated prior to the re®ne-ment procedure from the corresponding anisotropic parameters by the method reported by Fischer & Tillmanns (1988) . All the re®nements gave reasonable results with respect to the single-crystal data; the differences between the three measurements are negligible. From the point of view of the convergence of the re®nement, it became necessary to allocate six background parameters to the PW1 measurement and to omit the sample displacement parameter in the re®ne-ment of the PW2 data, limited to 2 max = 90 . To examine the in¯uence of different K 1 and K 2 diffraction peak pro®les on Rietveld procedures, three different re®nement strategies were tested. Tables 3 and  4 show the results of the least-squares analyses of a corundum PW1 powder pattern considering the following options: (i) equal shapes (ES), (ii) different FWHM (DF), (iii) two phases (TP). ES means that no distinction is made between the K 1 and the K 2 pattern at all, concerning structure and line pro®les, respectively. In the DF procedure, only the FWHM (parameters u, v, w; Cagliotti et al., 1958) are re®ned separately for the two wavelengths. For the ES and DF re®nement strategies, the intensity ratio was set to 0.491. For the TP analysis, the re¯ections from the two components of the K doublet were treated as two phases of Al 2 O 3 with slightly different cell parameters. To minimize the number of re®ned parameters in the three re®nement procedures, the background was ®xed by linear interpolation between a given number of points. The structural parameters of Al (z) and O (x) are not constrained for the 1 phase and the 2 phase in the TP re®nement, because the re®nement results showed that the x and z parameters do not differ signi®cantly for the two wavelengths. A restriction has been made concerning the displacement parameters B iso , which have not been re®ned in any of the procedures because it is well known that the resolution sin /! Cu in a powder diffractogram is too low for reliable information on displacement parameters to be obtained. Table 3 presents the R values for the three re®ne-ments. It is obvious that the DF strategy gives only a slight change, compared to the ES re®nement. But as the whole structure is re®ned for the K 2 component, separately, there is a clearly visible improvement of the least-squares results. However, it was impossible to realize a re®nement with the whole set of parameters shown in Table 4 . The X parameter for the` 2 phase' was ®xed after a number of cycles, indicated by the missing s.u. for this parameter. The re®nement proce- dure was convergent only with either the X or the Y parameter, which are needed to calculate the dependence of the Pearson VII m value on 2 via a formula containing m 0 , X and Y. Taking another look at Table 3 , it is conspicuous that the 2 R B value is much higher than all other R B values in this table. During the re®nement with all parameters, including X( 2 ), this value could be improved down to approximately 4.2 after a small number of cycles, but the re®nement could not be brought to convergence. This result clearly shows that it would be an improvement to re®ne all the structural and pro®le parameters of a K-doublet diffractogram, with individual peak shapes for the two wavelengths, together, in order to obtain the best ®t to a whole powder pattern. Unfortunately, this procedure did not work in the present study, probably because of high correlations between cell parameters and shape parameters. Nevertheless, the re®nement could be improved well and the ®tted parameters all remained physically meaningful.
Conclusions
The description of line shapes (FWHM and tailing) is of fundamental importance in the ®eld of pro®le re®ne-ment of powder diffraction lines. In our comparative study on three Bragg±Brentano X-ray powder diffractometers, we have shown that there are clear differences in the resulting line shapes, depending on the individual con®gurations. With a simply ®ltered beam (PW2), one can reach good resolution and a relatively simple description of the tailing, compared to more complex con®gurations. However, the presented K 2 problem limits this apparent advantage to a large degree. The K 1 and the K 2 peak shapes behave in a very different way. This intrinsic effect touches all areas of powder diffraction, including single-line analysis and structure re®nement. Concerning the different line widths, it can be explained by quantum mechanics. The found asymmetry is hard to explain by quantum mechanics, but nevertheless it is very surprising that one can`see' this effect in a routine powder diffractogram, although the peaks are in¯uenced additionally in many other ways.
We conclude that measurements with the K doublet for quantitative pro®le re®nement of any kind can only be recommended for substances with high symmetry, e.g. a simple pattern, using different pro®le shapes for the re¯ections of the two components K 1 and K 2 . In most other cases, line overlapping highly affects the powder pattern so that successful single-line ®tting as well as Rietveld procedures become dif®cult. For such samples, we strongly recommend the use of monochromated K radiation, because of the above-described inherent problems in K 2 stripping. Nevertheless, it is important to know the reasons for bad least-squares results in such cases. 
